Background-HDL cholesterol (HDL-C) is an important independent predictor of atherosclerosis, yet the role that HDL-C may play in the prediction of long-term survival after CABG remains unclear. The risk associated with a low HDL-C level in post-CABG men has not been delineated in relation to traditional surgical variables such as the use of arterial conduits, left ventricular function, and extent of disease. Methods and Results-We performed a prospective, observational study of 432 men who underwent CABG between 1978 and 1979 in whom preoperative HDL-C values were available. Baseline lipid and lipoprotein values, history of diabetes mellitus and hypertension, left ventricular ejection fraction, extent of disease, and use of internal thoracic arteries were recorded. Hazard ratios (HRs) were determined in the patients with and without a low HDL-C level, which was defined as the lowest HDL-C quartile (HDL-C Յ35 mg/dL). After adjustment for age, as well as for baseline metabolic parameters and surgical variables just noted, HDL-C corresponded to both overall (HR 0.40, CI 0.20 to 0.83, Pϭ0.01) and event-free (HR 0.41, CI 0.24 to 0.70, Pϭ0.001) survival. Patients with a high HDL-C level (Ͼ35 mg/dL) were 50% more likely to survive at 15 years than were patients with low HDL-C level (Յ35 mg/dL) (74% versus 57% adjusted survival, respectively; HR 1.72, Pϭ0.005). In addition, HDL-C showed a strong effect on time-to-event survival such that patients with an HDL-C level of Ͼ35 mg/dL were 50% more likely to survive without a subsequent myocardial infarction or revascularization (HR 1.42, Pϭ0.02). 
T he inverse relation between HDL cholesterol (HDL-C) and coronary artery disease (CAD) events has been established in many epidemiological studies. [1] [2] [3] [4] Although the importance of HDL as an independent predictor of atherosclerosis has been reported, its role in the prediction of survival after CABG is less certain. The mortality risk associated with a low HDL-C level in post-CABG men has not been delineated in relation to traditional surgical variables such as use of arterial conduits, left ventricular (LV) function (LV ejection fraction [LVEF] ), and extent of disease.
To address these concerns, we chose to analyze the effects of a low HDL-C level on the mortality risk associated with CABG in a population-based cohort. We identified a cohort of men enrolled in the Cardiovascular Information Registry at the Cleveland Clinic Foundation who underwent CABG between 1978 and 1979 and had a full lipid assessment. This is a well-characterized population of patients who underwent primary elective myocardial revascularization and were followed for Ͼ15 years.
Methods

Study Cohort
The Cardiovascular Information Registry (CVIR) 5 was initiated at the Cleveland Clinic in the early 1970s, with follow-up of patient survival and events at an interval basis. All descriptive terms have previously been described. Follow-up was conducted for all 432 patients. Routine follow-up was scheduled at 5-year intervals for these patients. In addition, chart review was conducted to determine whether further events had been recorded in the Cleveland Clinic medical record. Finally, a search of the Social Security Administration database was conducted to verify vital status.
For this study, 2244 patients underwent cardiovascular revascularization between 1978 and 1979. Of these, subjects were excluded if they were undergoing a repeat CABG or combined valvular procedure (nϭ313) or died before hospital discharge (nϭ11). Women were excluded due to the small number (nϭ239). Of the remainder, patients without a documented total cholesterol (TC; nϭ5), triglycerides (TG; nϭ390), or HDL-C (nϭ834) level were excluded. Complete lipid data were available for 432 men. Major exclusions are given in Table 1 .
Baseline lipid and lipoprotein values, history of diabetes mellitus (DM) and hypertension (HTN), extent of disease, and use of internal thoracic arteries (ITAs) were recorded. Hazard ratios (HRs) were determined in the patients with and without a low HDL-C level, which was defined as the lowest HDL-C quartile (HDL-C Յ35 mg/dL).
Fasting TC, HDL-C, and TG concentrations were considered to be baseline values if blood was drawn within 30 days before CABG. Lipoproteins were measured in serum after an overnight fast in our hospital-based Centers for Disease Control and Prevention (CDC)-standardized laboratory according to Lipid Research Clinics methodology. 6 
Statistical Analysis
Time-to-event data were analyzed according to the primary end point of all-cause mortality (overall survival). Cause-specific mortality was unavailable through this registry. However, all-cause mortality is thought to be an objective and unbiased end point. 7, 8 Mortality was quantified beyond 30 days after surgery ("late mortality") to avoid the influence of immediate postoperative complications. The secondary end point of overall survival free from myocardial infarction (MI) or repeat revascularization (event-free survival) was analyzed. Event-free survival models were developed based on time to the earliest event. Survival estimates were generated with the KaplanMeier method. 9 Cox proportional hazards modeling (PROC PHREG; SAS Institute) was used to assess the relative importance of baseline risk factors to the end points. 10 Tied event data were handled with Efron's method of approximation. 11 Overall model significance was assessed with likelihood-ratio tests, and the significance of each variable in the model was assessed with the Wald test. HRs are presented (with 95% CIs) to show the risk of an event when the factor is present.
The primary analyses involved 2 steps. Overall and event-free survival rates were first evaluated with continuous measures of lipid parameters (with natural log transformations in consideration of normality assumptions) and then evaluated with categorical variables based on quartile distributions (high-risk quartile versus other quartiles). To eliminate the multiple collinearity of HDL-C and TG, we developed a model with TG used as a stratification variable (stratified by quartiles). All analyses were performed with Version 6.12 of the SAS statistical package (SAS Institute).
Results
Baseline Characteristics
Baseline characteristics for the total cohort on the basis of HDL-C availability are included in Table 2 . Surviving subjects were followed for a median of 16.3 years. Marked consistency of results was noted between groups. The 15-year survival rates for the 2 groups were similar (67Ϯ2.3% with measured HDL-C, 67Ϯ1.7% without measured HDL-C; meanϮSEM). These presentation characteristics are notably different from those of other reported populations. Our cohort, although in general younger, less obese, less often hypertensive, and less often diabetic than the current characterization of our surgical population, is representative of patients who underwent CABG in the late 1970s. Of significance, our cohort had a high percentage of ITA use (40%). Baseline characteristics of patients with low (Յ35 mg/dL) or high (Ͼ35 mg/dL) measured HDL-C levels are included in Table 3 .
Overall Survival
The relationships between TC, TG, and HDL-C and all-cause mortality were first examined. There were 157 total deaths in the population. HDL-C was the sole lipid parameter that showed a significant relationship to survival ( Table 4 ). The HR of 0.40 (CI 0.20 to 0.83, Pϭ0.01) suggests that the mortality rate is decreased 3% for each 1-mg/dL increase in HDL-C level. Neither TG (Pϭ0.48) nor TC (Pϭ0.12) displayed significant relationships to overall survival. Age (HR Using cut points based on our quartile analysis, we note that patients with a high HDL-C level (Ͼ35 mg/dL) were 50% more likely to survive at 15 years than were patients with a low HDL-C level (Ͻ35 mg/dL) (74% versus 57% adjusted survival, respectively; HR 1.72, Pϭ0.005). The Kaplan-Meier analyses for overall survival (Figure 1) show that the low and high HDL-C curves begin to diverge soon after surgery. However, in this cohort, the difference does not reach statistical significance until the sixth or seventh year after surgery.
Event-Free Survival
Consistent with overall survival, HDL-C predicted survival free from MI or repeat revascularization with an HR of 0.41 (CI 0.24 to 0.70, Pϭ0.001) ( Table 5 ). ITA use (HR 0.60, CI 0.46 to 0.78, Pϭ0.0001) was the only other significant predictor of event-free survival time, although the effect of HTN was borderline (HR 1.50, CI 0.97 to 2.34, Pϭ0.07). Again, there was no evidence of a significant interaction among ITA, HDL-C, and event-free survival (Pϭ0.28).
Patients with an HDL-C level of Ͼ35 mg/dL were, again, 50% more likely to survive without a subsequent MI or revascularization than were those with an HDL-C level of Յ35 mg/dL (45% versus 30% adjusted event-free survival, respectively; HR 1.42, Pϭ0.02). TC and TG remained nonsignificant (Pϭ0.45 and Pϭ0.57. respectively). Again, the Kaplan-Meier analyses for event-free survival (Figure 2) show early divergence of these curves between the low and high HDL-C groups that reaches statistical significance at the sixth or seventh year after surgery.
HDL-C and TG are known to be strongly associated. To control for TG as a confounder, we developed a model with TG stratified by quartiles. HDL-C continues to show a significant effect with regard to both overall and event-free survival (HR 0.37, 95% CI 0.18 to 0.77, Pϭ0.008; HR 0.41, 95% CI 0.24 to 0.69, Pϭ0.001, respectively).
Discussion
We demonstrate that baseline HDL-C level dramatically predicts overall and event-free survival in men who underwent CABG and were followed for up to 20 years after surgery. This remained true even after adjustment for DM, body mass index, and TG, as well as surgical variables, including graft type, ventricular function, and extent of disease. In our population, patients with a high HDL-C level (Ͼ35 mg/dL) have a 50% greater overall survival than do patients with a low HDL-C level (Յ35 mg/dL).
Epidemiological studies have demonstrated the significant inverse relationship between HDL-C and coronary atherosclerosis. The Framingham Heart Study revealed HDL-C to have the strongest relation (inverse) to CAD of all standard lipoproteins measured. [12] [13] [14] [15] [16] In general, a 1-mg/dL increase in 
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HDL-C level is associated with a significant reduction in CAD risk of 2% in men and of 3% in women. 13 The estimate in our current analysis is 3% in men. Several studies also support the role of HDL-C in the prediction of death and cardiovascular events in patients with CAD. In the Lipid Research Clinics Coronary Primary Prevention Trial (CPPT), 17 the TC/HDL-C ratio added riskdiscriminating ability to TC and LDL-cholesterol (LDL-C) measures alone. In the Tromso Heart Study, 18 Ͼ6000 young men (20 to 49 years old) were followed for 2 years. In this study, HDL-C provided a 3-fold greater contribution to the prediction of CHD events than did LDL-C in this population (RR 1.063). The mean HDL-C level was 25.6 mg/dL in the MI patients compared with 39.4 mg/dL in control subjects (PϽ0.005). Recent data from the VA HDL Intervention Trial (VA-HIT) study 19 suggest that for a 1-mg/dL increase in HDL-C level, there was a Ϸ3% decrease in the primary end point of CHD death or MI, a 3% reduction in CHD death alone, a 3% reduction in nonfatal MI alone, and nearly a 4% reduction in stroke. In the VA-HIT study, the effects of HDL-C elevation were seen Ϸ3 years after study initiation. A recent subanalysis of the VA-HIT study data suggests that the change in HDL-C level was the major factor in prediction of events. 20 Although the value of HDL-C as a predictor for cardiac events and outcomes has been observed previously, less is known about the role of HDL-C in the post-CABG patient. Cardiac mortality and total mortality rates were related to serum HDL-C levels (PϽ0.01) in a post-CABG study of 83 patients who were followed for 10 years. Eighty-nine percent of the patients with an HDL-C level of Ͼ38.8 mg/dL survived for 10 years, whereas only 38% of patients with an HDL-C level of Ͻ38.8 mg/dL were alive for that same time period. 21 We now corroborate this finding in a larger population 15 to 20 years beyond surgery. Previous observations in a 10-year angiographic follow-up study (nϭ82) found HDL-C to be one of the principal factors in the prediction of new graft disease. 22 A several-year delay has been described before the development of these new pathological lesions in grafts in patients after CABG. 23, 24 This is consistent with the divergence of our mortality curves between high and low HDL-C subgroups at Ϸ6 years after surgery. Further, new lesion formation in vein grafts has been prevented with gemfibrozil, a benefit directly correlated with increases in serum HDL-C level. 25 Thus, HDL-C proves to be an excellent predictive marker for both vein graft progression and death whose modification would potentially prevent the progression of disease in the post-CABG patient.
Our analyses are limited by the nature of the database and the selection. We have identified a population of post-CABG men with a low prevalence of DM and HTN. Inferences to other populations with different risk profiles should be made cautiously. In addition, although men without complete baseline lipid profiles (nϭ1266) did not differ significantly from the study cohort and although overall survival was similar for these groups, ascertainment biases cannot be totally excluded. Changes in health status, such as the subsequent development of DM or HTN, were not discerned, nor were changes in treatment (eg, antiplatelet drugs, ␤-blockers, or lipidlowering therapy). Finally, the exact cause of death is not available in this cohort. These factors therefore cannot be incorporated into the analyses.
In summary, this is the largest study to examine the role of HDL-C in the determination of survival in patients with severe CAD that warrants CABG. We demonstrate that baseline HDL-C is a profound predictor of all-cause mortality and event-free survival beyond other traditional and surgical risk factors. Although the evaluated cohort represents a highly selected group from the late 1970s, these results suggest that men with an HDL-C level of Ͼ35 mg/dL are 50% more likely to survive and to avoid recurrent MI or repeat revascularization after CABG. Therefore, during the contemplation of vascular intervention, an HDL-C level should be measured, because it represents a powerful prognostic marker for long-term outcome after CABG. HDL-C may also prove to be a major target for preventive therapies in the post-CABG population.
